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ing, which results 1n exposing a metal surface to a wet sub-
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on the value of the pH constant of the wet substance, be
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APPLICATION OF IMPRESSED-CURRENT
CATHODIC PROTECTION TO PREVENT
METAL CORROSION AND OXIDATION

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a Continuation of pending U.S. patent
application Ser. No. 10/286,626, filed Nov. 02, 2002, now

U.S. Pat. No. 7,276,454 and enftitled “Application of

impressed-current cathodic protection to prevent metal cor-
rosion and oxidation”.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relates to the fabrication of integrated circuit
devices, and more particularly, to a method to prevent corro-
s1on of copper.

(2) Description of the Prior Art

In the creation of semiconductor devices, device elements
are 1nterconnected with metal traces, as are completed
devices, for the performance of complex processing func-
tions. Conventionally, aluminum has been used for the cre-
ation ol interconnect traces. With increased device density
and continued demands for device performance improve-
ments, a substitute for aluminum has been explored and 1s at
this time being used by using copper for the creation of
interconnect traces. Other materials that are useful for the
creation of conductive interconnect traces are tungsten, tita-
nium, polysilicon, polycide or alloys of these metals.

Copper 1s 1ncreasingly used for mterconnect traces due to
its relatively low cost and low resistivity. Copper however has
a large diffusion coeftficient into silicon dioxide and silicon.
Copper from an interconnect may diffuse nto surrounding
dielectric such as a silicon dioxide layer, causing the dielec-
tric to become conductive and decreasing the dielectric
strength of for instance the silicon dioxide layer. Copper
interconnects are therefore typically encapsulated by at least
one diffusion barrier to prevent diffusion of the copper into
the silicon dioxide layer. Silicon nitride 1s a diffusion barrier
to copper, but the prior art teaches that the interconnects
should not lie on a silicon nitride layer because 1t has a high
dielectric constant compared with silicon dioxide. The high
dielectric constant causes an undesired increase 1 capaci-
tance between the interconnect and the substrate. Also, cop-
per has low adhesive strength to various 1nsulating layers, and
presents difficulties inherent in masking and etching a blanket
layer of copper 1nto intricate circuit structures.

In practical applications of creating conductive intercon-
nect traces, the metal layers of Integrated Circuit (IC) devices
are prone to be corroded and oxidized by various chemicals
that are used during the processing of the IC devices. For
example, copper 1s corroded 11 1t 15 exposed to a strong alka-
line solution. The invention provides a structure of preventing
this corrosion of copper, using the Pourbaix diagram of cop-
per and therewith applying a method of impressed-current
cathodic protection. A process will be highlighted that further
explains the exposure that1s suffered by copper that 1s used as
part of the creation of an interconnect bump. The mvention
provides a structure of impressed-current cathodic protection
to prevent corrosion of the metal that 1s used for the creation
ol for instance interconnect traces or interconnect studs or
bumps.

U.S. Pat. No. 6,274,504 B2 (Sanderfer et al.) shows a
process to minimize corroding during post metal solvent
clean.
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U.S. Pat. No. 6,209,551 B1 (Yang et al.) 1s a related strip
Process.

U.S. Pat. No. 5,336,371 (Chung et al.) shows a photo-resist
stripper tool that reduces corrosion.

The Pourbaix diagrams that are discussed as part of the
invention are further detailed in the publication “Atlas of
Electromechanical Equilibria in Aqueous Solution™, pub-

lished 1974, ISBN 0-915567-98-9.

SUMMARY OF THE INVENTION

A principle objective of the invention is to prevent corro-
sion of metal surfaces that are exposed to semiconductor
chemicals during wet processing.

Another objective of the invention 1s to prevent oxidation
ol metal surfaces that are exposed to semiconductor chemi-
cals during wet processing.

Another objective of the mnvention is to prevent the align-
ment mark being affected, that 1s damaged or discolored, by
wet substance, thereby assuring that the alignment mark wall
remain elffective as an alignment medium.

Another objective of the invention 1s to prevent the forma-
tion of by-products by a process of corrosion of exposed
metal surfaces, eliminating the creation of etch residue during,
the etch of for instance a layer of seed metal.

In accordance with the objectives of the invention a new
method 1s provided for the processing of metals, most notably
copper, such that corrosion and oxidation of exposed surtaces
of these metals 1s prevented. During a step of semiconductor
processing, which results 1n exposing a metal surface to a wet
substance having a pH value, a voltage 1s applied to the metal
that 1s exposed. The value of the applied voltage can, depen-
dent on the value of the pH constant of the wet substance, be
selected such that the exposed metal surface i1s protected
against alkaline effects of the wet substance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 through 6 address prior art methods of forming a
solder ball, as follows:

FIG. 1 shows a cross section of a semiconductor surface on
which a contact pad has been provided, a layer of passivation
has been deposited over the semiconductor surface and has
been patterned and etched, exposing the surface of the alumi-
num pad. A seed layer has been blanket deposited.

FIG. 2 shows the cross section of FIG. 1 after a photoresist
mask has been created.

FIG. 3 shows the cross section of FIG. 3 after the exposed
surface of the seed layer has been electroplated with a layer of
solder.

FIG. 4 shows a cross section after the photoresist mask has
been removed.

FIG. 5 shows a cross section after the seed layer has been
etched.

FIG. 6 shows a cross section atter reflow of the solder
material.

FIGS. 7a through 7d show Pourbaix diagrams for four
metals.

FIG. 8 shows a cross section of a voltage being applied to

one or more waters while these waters are immersed 1n a
flnnd.

FIGS. 9a through 11 show three possible implementations
of a structure for applying a voltage to a metallic layer.
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DESCRIPTION OF THE PR
EMBODIMENTS

oy
M

ERRED

In order to place the invention 1n the proper perspective, a
short overview ol a metal processing sequence 1s first high-
lighted, the selected sequence 1s aimed at creating a solder
bump or stud. The cross sections of FIGS. 1 through 6 are
used for this purpose.

Referring now specifically to FIG. 1, there 1s shown a cross
section of a semiconductor surface 10 on which:

a contact pad 12 has been provided; contact pad 12 prefer-
ably comprises aluminum or an aluminum alloy or cop-
per

a layer 14 of passivation has been deposited over the semi-
conductor surface 10 and has been patterned and etched
partially exposing the surface of the aluminum pad 12

1in-situ sputter clean (not shown) has been performed of the
exposed surface of the contact pad, and

a seed layer 16 has been blanket deposited over the surface
of the layer 14 of passivation including the exposed
surface of the contact pad 12.

Layer 10 1s the surface of a semiconductor layer, a contact
pad 12 has been created on surface 10. Surface 10 will typi-
cally be the surface of a semiconductor substrate, the surface
of an interconnect substrate and the like. A contact pad 12 has
been created on surface 10, electrical contact must be estab-
lished with contact pad 12 by means of an overlying solder
bump. Contact pad 12 serves as an interface between the
solder bump and electrical interconnects that are provided 1n
the surface of layer 10 and 1s typically created using alumi-
num or copper.

A layer 14 of passivation that may, for instance, contain
Plasma Enhanced silicon nitride (PE S1,N,), 1s deposited over
the surface of layer 10 and of contact pad 12.

Various materials have found application in the creation of
passivation layers. A passivation layer can contain silicon
oxide/silicon mitride (510,/S1;N,) deposited by CVD, a pas-
stvation layer can be a layer of photosensitive polyimide or
can comprise titanium nitride. Another material often used for
a passivation layer 1s phosphorous doped silicon dioxide that
1s typically deposited over a final layer of aluminum intercon-
nect using a Low Temperature CVD process. In recent years,
photosensitive polyimide has frequently been used for the
creation of passivation layers. Conventional polyimides have
a number of attractive characteristics for their application in a
semiconductor device structure, which have been highlighted
above. Photosensitive polyimides have these same character-
1stics but can, 1n addition, be patterned like a photoresist mask
and can, after patterning and etching, remain on the surface on
which 1t has been deposited to serve as a passivation layer.
Typically, and to improve surface adhesion and tension reduc-
tion, a precursor layer 1s first deposited by, for example,
conventional photoresist spin coating. The precursor 1s, after
a low temperature pre-bake, exposed, using for example a
step and repeat projection aligner and Ultra Violet (UV) light
as a light source. The portions of the precursor that have been
exposed 1n this manner are cross-linked, thereby leaving
unexposed regions (that are not cross-linked) over the bond-
ing pads. During subsequent development, the unexposed
polyimide precursor layer (over the bonding pads) 1s dis-
solved, thereby providing openings over the bonding pads. A
final step of thermal curing leaves a permanent, high quality
passivation layer of polyimide over the substrate.

The preferred material for the deposition of layer 14 of
passivation 1s Plasma Enhanced silicon nitride (PE S1;N,,),
deposited using PECVD technology at a temperature
between about 350 and 450 degrees C. with a pressure of
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between about 2.0 and 2.8 Torr for the duration between about
8 and 12 seconds. Layer 14 of PE S1,N, can be deposited to a
thickness between about 12 and 15 pum.

Layer 14 of PE S1,N,, 1s next patterned and etched to create
an opening in the layer 14 that overlays and aligns with the
underlying contact pad 12.

The etching of layer 14 can use Ar/CF, as an etchant at a
temperature of between about 120 and 160 degrees C. and a
pressure of between about 0.30 and 0.40 Torr for a time of
between about 33 and 39 seconds using a dry etch process.

The etching of layer 14 can also use He/NF; as an etchant
at a temperature of between about 80 and 100 degrees C. and
a pressure of between about 1.20 and 1.30 Torr for a time of
between about 20 and 30 seconds using a dry etch process.

For the 1n-situ sputter clean, a sputter 10n-milling tool can
be used, applying Ar mixed with H, as a cleaning agent
(sputter source).

For the seed layer 16 that 1s blanket deposited over the
surface of the layer 14 of passivation, including the exposed
surface of the contact pad 12, any of the conventional metallic
seed materials can be used, preferably comprising copper or
chrome. The metallic seed layer can be deposited using a
sputter chamber or an Ion Metal Plasma (IMP) chamber at a
temperature of between about 0 and 300 degrees C. and a
pressure of between about 1 and 100 mTorr, using (for
instance) copper or a copper alloy as the source (as high-
lighted above) at a flow rate of between about 10 and 400
sccm and using argon as an ambient gas.

FIG. 2 shows the cross section of the semiconductor sur-
face 10 after a layer 20 of photoresist has been deposited over
the layer 16 of seed material. Layer 20 of photoresist has been
patterned and developed, creating opening 22 1n the layer 20
ol photoresist, exposing the surface of the layer 16 of seed
material overlying the contact pad 12 where the interconnect
bump 1s to be formed.

Layer 20 of photoresist can be deposited or laminated to a
thickness of between about 2,000 and 8,000 Angstrom or
between about 50 and 120 um. The methods used for the
deposition or lamination and development of the layer 20 of
photoresist apply conventional methods of photolithography.
Photolithography 1s a common approach wherein patterned
layers are usually formed by spinning or by laminating on a
layer of photoresist, projecting light through a photomask
with the desired pattern onto the photoresist to expose the
photoresist to the pattern, developing the photoresist, wash-
ing oif the unexposed photoresist, and plasma etching to clean
out the arecas where the photoresist has been washed away.
The exposed resist may be rendered insoluble (negative work-
ing ) and form the pattern, or soluble (positive working) and be
washed away.

The layer 20 of photoresist will, after patterning and devel-
oping, remain 1n place 1n an area above the aluminum pad 12
that surrounds the pad 12 and that 1s adjacent to the pad 12.
The deposited layer 20 of photoresist can, prior to patterning
and etching, be cured or pre-baked further hardening the
surface of the layer of photoresist.

Layer 20 of photoresist can be etched by applying O,
plasma and then wet stripping by using a H,SO_,, H,O, and
NH_,OH solution. Sulfuric acid (H,SO,) and mixtures of
H SO, with other 0x1d12111g agents such as hydrogen peroxide
(H O,) are widely used 1n stripping photoresist after the
photoresist has been stripped by other means. Walers to be
stripped can be immersed 1n the mixture at a temperature
between about 100 degrees C. and about 150 degrees C. for 5
to 10 minutes and then subjected to a thorough cleaning with
deionized water and dried by dry nitrogen. Inorganic resist
strippers, such as the sulfuric acid mixtures, are very effective
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in the residual free removal of highly postbaked resist. They
are more elfective than organic strippers and the longer the
immersion time, the cleaner and more residue free water
surface can be obtained.

The photoresist layer 20 can also be partially removed
using plasma oxygen ashing and careful wet clean. The oxy-
gen plasma ashing 1s heating the photoresist in a highly oxi-
dized environment, such as an oxygen plasma, thereby con-
verting the photoresist to an easily removed ash. The oxygen
plasma ashing can be followed by a native oxide dip for 90
seconds 1n a 200:1 diluted solution of hydrofluoric acid.

Layer 20 of photoresist can additionally be cured after the
layer of photoresist has been deposited and before the layer of
photoresist 1s patterned and developed. This curing of the
layer of photoresist can be performed 1n a N, gas ambient, at
a temperature of between about 300 and 400 degrees C., for a
time period between about 1.5 and 2.5 hours, and a pressure
of 760 Torr.

FIG. 3 shows a cross section of the semiconductor surface
10 after the exposed surface of layer 16 of seed metal, that 1s
surface of layer 16 of seed metal that 1s exposed iside open-
ing 22, has been electro plated with layer 28 of solder. Layer
28 1s bounded by the etched layer 20 of photoresist. During
the process of the electroplating, the layer 16 of seed metal
serves as the cathode of the plating tool. Metal layer 28, FIG.
3, can be used as a bump, 1n which case bump metal compris-
ing Pb or Sn 1s preferably used. Layer 28 can also be used as
a re-route trace in which case Al or Cu alloy 1s preferably used
tfor the creation of layer 28.

The layer 28 of bump or re-route metal 1s electroplated in
contact with the layer 16, to a thickness of between about 30
and 100 um but more preferably to athickness of about 50 um.

FI1G. 4 shows the cross section of the semiconductor sur-
face after the patterned layer 20 of photoresist has been
stripped from the surface of the layer 16 of seed metal. The
previously highlighted processing conditions for the removal
of photoresist can be equally applied to the stripping of the
photoresist that 1s shown 1n F1G. 4, these conditions therefore
do not need to be further highlighted at this time.

FIG. 5 shows a cross section of the semiconductor surface
10 after the layer 16 (of seed material) has been etched using
the created layer 28 of solder as a mask. Standard RIE pro-
cedures, using Cl,—BCl; as etchant, can be used to etch the
layer 16 of seed metal.

FIG. 6 shows, as a final figure of the highlighted prior art
processing sequence, the creation of solder ball 28 after the
patterned layer 28 of solder that 1s shown 1n cross section in
FIG. 5 has been submitted to reflow by applying heat to the
structure. For this processing step, a tlux 1s applied to the
solder layer 28 and the solder 1s melted 1n a retlow surface
under a mtrogen atmosphere, forming the spherically shaped
solder bump 28 that 1s shown 1n cross section 1n FIG. 6.

As previously stated relating to the cross sections of FIGS.
1 through 6, seed metal 16 1s preferably Cu or Cr, bump metal
28 1s preterably Pb or Sn, re-route traces 28 preferably uses Al
or Cu. The stripper that 1s used for the removal of the photo-
resist mask 20, FI1G. 3, 1s typically strongly alkaline with a pH
value between about 12 and 16.

Conventional problems that are encountered due to the
interface between the photoresist striper and the thereby
exposed surface of the seed layer are:

1. the stripper of strong alkaline nature corrodes the surface of
the layer 16 of seed metal, and

2. the strong alkaline stripper discolors and damages the
substrate alignment mark.

As a result of the first of these negative effects, the corro-
s1on of the surface of the layer 16 of seed metal, a by-product

5

10

15

20

25

30

35

40

45

50

55

60

65

6

consisting of metal oxide 1s formed over the surface of the
layer 16 of seed metal. This layer ol metal oxide blocks
ctching of the layer 16 of seed metal and further introduces a
metal-oxide based etching residue.

As a result of the second of these negative eflects, the
discoloring and damaging of the alignment mark of the wafer,
the alignment mark (in 1ts use by for instance a stepper tool)
1s less etfective due to its loss of visibility.

The 1invention addresses these problems providing a
method that 1s referred to as an impressed-current cathodic
protection structure. The basic i1dea of the invention 1s to
apply, during steps of wet processing, a negative voltage to
metal that has been created over the surface of a wafer, 1n this
manner preventing the corrosion of the surface of the metal
such as for instance the surface of a layer of copper.

Pourbaix diagrams show the stability of a first matenal,
such as copper, under conditions of applying a voltage or
potential to the first material, while the first matenal 1s
exposed to a second, liquid material such as water or a sub-
stance of a (known and potentially high) alkaline nature. In a
Pourbaix diagram, which typically has an X-axis that repre-
sents the pH factor of the second material and an Y-axis that
represents the voltage that 1s applied to the first material, areas
are 1dentified that show the surface condition of the first
material (for instance Cu), dependent on the pH factor of the
second material (for instance photoresist) and the voltage that
1s applied to the first materal.

Conditions of the surface of the first material (such as
copper) that are shown in the Pourbaix diagram can be dii-
ferentiated as:

1. corrosion by dissolution

2. corrosion by gasification

3. passivation by the formation of an oxide or a hydroxide
layer

4. passivation by a hydroxide layer, and

5. no eflect, that 1s immunity of the surface (of the first
material) to the pH value of the second material under
certain conditions of voltage application to the first mate-
rial.

It1s from this classification clear that the last condition, that
1s the condition of “no effect™, 1s the desirable condition since
under this condition the surface of the first material, such as
copper, 1s not effected by the pH constant of the second
material. The establishment of this desirable (condition num-
ber 5) can be accomplished by applying, for a metal such as
copper that comes 1nto contact with a liquid having a pH
value, a voltage of a selected value.

For instance, using the Porbaix diagram of FIG. 7a, which
relates to copper, by applying a voltage of about -1 volt to the
copper while the copper 1s exposed to a wet solution having a
pH value of 14, the surface of the copper will not be atfiected
by (will be immune to) the alkaline nature of the wet solution.

These effects and interrelationships have been graphically
highlighted in the diagrams that are shown in FIGS. 7a
through 7d. The errata that are indicated as part of FIGS. 7a
through 7d further refer to and explain the above listed surface
conditions (of the first material), whereby the four diagrams
that are shown 1n FIGS. 7a through 74 apply to:
liagram FIG. 7a: copper

C
diagram FIG. 7b: nickel
C

[l

iagram FIG. 7¢: lead
diagram FIG. 7d: tin.

For all of these diagrams there 1s a definite area, bounded
by X coordinates (the pH value of the second material) and Y
coordinates (the value of the voltage that 1s applied to the
identified material such as copper, nickel.
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Keeping the diagrams that have been shown 1n FIGS. 7a
through 74 1n mind, the following will become apparent as 1t
applies to the process that 1s shown 1n FIGS. 1 through 6, that
1s a process where the surface of a layer of metal (seed metal
in the example shown) 1s exposed to a wet process applying
(for 1nstance a photoresist stripper) a solution having a pH
constant.

For product rework processing, the following applies:

1. During the processing sequence that 1s shown i FIGS. 1
through 6, whereby these FIGS. 1 through 6 are used
merely as examples that can be further extended to and are
meant to represent any process where a metal comes 1nto
contact with material having a pH constant that has an
clfect on the surface of the exposed metal, the metal that 1s
exposed 1s seed metal

2. In applications where copper 1s exposed to a wet substance
having a pH factor (1in the range from 1 to 14), applying a
negative voltage of —1.2 volts to the exposed copper, dia-
gram of FI1G. 7a, keeps the exposed copper immune for the
cffect that the wet substrate has on the surface of the
exposed copper

3. FIG. 7a, for copper, further shows that for a wet substance
that has a pH value of 16, a value applied to the exposed
copper ol about -0.6 prevents corrosion of the copper
surface, and

4. After the processing step of photoresist stripping as shown
in cross section 1n FIG. 4, the substrate that 1s being pro-
cessed 1s typically rnsed by immersion of the substrate
into DIW.

Residue that resides on the surface of the substrate, having
a pH value, will thereby enter into the DIW and will conse-
quently increase the pH value of the DIW. For a value of pH
of the DIW of between about 9 and 13, a voltage of about —0.4
volts or less must be applied to the copper 1n order for the
copper surface to remain immune to eifects of the alkaline
nature of the DIW.

For photoresist stripping, the following applies:

1. The metals that are exposed to an alkaline solution are seed
metal and bump metal, which typically comprises Cu seed
metal and Pb/Sn alloy bump metal

2. For a pH value of the photoresist stripper between about 15
and 16, a voltage between about —1.2 and -2.0 volts must
be applied to the metal layer

3. For a pH value of the photoresist stripper between about 7
and 11, a voltage between about -1.2 and -1.4 volts must
be applied to the metal layer

4. For the above indicated ranges of the applied voltages, the
following phenomenon 1s 1n effect: the applied voltage to

the metal 1s limited to between —1.2 volts and -2.0 volts 1n

the two ranges of pH values since the exposed Sn of the
metal layers will form gaseous hybride 11 the applied volt-
ages exceed the indicated values for the stated values of
pH; gaseous hybride has a detrimental effect on other lay-
ers of metal, such as the solder bumps that are created as
part of a processing cycle

5. Other metals that are known to form gaseous hybride under
conditions of relatively large applied negative voltages and
dependent on the pH value of the matenial to which these
metals are exposed are In, Pb, Sb, Po, B, As, T1 and Ge.
From the above 1t 1s clear that, by applying a voltage,

typically of negative value, to a metal surface that 1s exposed

to a wet substance having a pH value and dependent on the
metal and the value of the pH value, the results can be
achieved of:

1. Not corroding the surface of the exposed metal, even for
exposures where the wet substance has a relatively high
value of pH

5

10

15

20

25

30

35

40

45

50

55

60

65

8

2. Not affecting the surface of the alignment mark, that 1s the
surface of the alignment mark will not be damaged or
discolored, by the wet substance and will therefore remain
elfective as an alignment medium, and

3. Not forming and by-products by a process of corrosion of
the exposed metal surface, eliminating the creation of etch
residue during the etch of for instance a layer of seed metal.
Following, using FIGS. 8 through 11, will be highlighted

examples of methods that can be applied for the implemen-

tation of the invention.

Shown 1n FIG. 8 1s a simplified cross section of a reservoir
30 1n which a liquid substance 32 such as DIW 1s contained.
Waters 34' and 34" have been suspended 1n a vertical position
in the DIW that 1s contained in reservoir 30. One of the
walers, that 1s wafter 34', has been connected to a negative
terminal 33 of voltage supply 36 of which a positive terminal
31 1s mserted into the liquid substance 32. It can from the
cross section that 1s shown 1n FIG. 8 be concluded that there
1s a negative voltage applied between the terminal 35, where
this terminal has been inserted into the reservoir 30 and the
facing water 34'.

This arrangement, as shown 1n simplified form 1n the cross
section of FIG. 8, has been used to determine the effect ofthe
pH value on the surface of water 34', as follows:

1. First the waters 34' and 34" have been emerged into a
chemical, contained in reservoir 30, having a pH 1n excess
ol 15.96 (a chemical known by the name of THB-S2). With
an applied voltage of -2 volts, applied as shown 1n the cross
section of FIG. 8, the wafer has first been 1nserted into the
reservoir 32 with the reservoir containing THB-S2 after
which the water has been dipped into areservoir containing
DIW. From this study 1t has been concluded that, with an
applied voltage 33 of -2 volts, no effects of corrosion can
be observed on the surface of waiter 34'

2. The above indicated experiment has been repeated, (first

dipping the water into THB-S2 after which the wafer 1s

dipped into a DIW containing reservoir), 1n this instance
however applying a voltage 33 of 0 volts, applied to water

34'. In this case, severe corrosion in the form of stains has

been observed in the surface of water 34" after the waler has

been immersed into the DIW as shown 1n FIG. 8.

From the above highlighted experiments, 1t can be con-
cluded that the voltage (33) that 1s applied to a surface over
which a layer of copper has been created has an effect on the
amount of corrosion that occurs 1n this surface during expo-
sure to liquids having pH values.

FIGS. 9a through 11 show three possible implementations
of a structure for applying a voltage to a metallic layer, as
follows:

FIGS. 9a¢ and 9b show waters 40, suspended in wafer
cassette 42, being suspended 1n cassette 42 by a cassette
carrier arrangement 46 1n which 43 1s a lower cassette support
and 41 1s an upper cassette support. The waters 40 are con-
tacted and firmly secured inside the cassette 42 by metal foils
48. The metal foils 48 contact the waters 40 in the perimeter
4’7 of water 40, as 1s clear from the top view that 1s shown 1n
FIG. 9a of water 40. Using the same perimeter 47, the wafers
40 are clamped 1n the lower cassette support 43, as 1s clear
from the cross section of the cassette, containing multiple
walers 40. Waters 40 are wafers that are typically referred to
as etch-exclusion-wafers for reasons that are obvious 1n con-
sidering the presence of perimeter of edge 47. This perimeter
of waters 40 1s not used for the creation of active semicon-
ductor devices over the surface thereof.

FIGS. 94 and 956 have been shown 1n order to demonstrate
one possible method of suspending waters during the appli-
cation of a negative voltage to the surface of a metal layer that
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1s created over the surface of the waters. More details relating

to the application of a (preferably negative) voltage to a metal

layer created over the surface of a water are shown 1n FIGS.
10a and 105, where 1s shown:
40, a water that 1s clamped 1n wafer clamping device 50
50, the water clamping device
52, brackets 1n the water clamping device 50 that support
and position waier 40 within the watfer clamping device
50

60, an enlarged view of the structure to contact for instance
a seed layer that has been created over the surface of
water 40

54, the seed layer, similar to layer 16 of F1G. 1 e.a., that has
been created over the surface of water 40

56, the layer of photoresist, stmilar to layer 20 of FIGS. 2
and 3, overlying the seed layer 54

58, a contact that conductively interfaces with the seed
layer 54.

The design that 1s shown in three dimensional view in
FIGS. 10aq and 105 strongly resemble the design of an elec-
troplating machine. With the implementation of feature 60,
FIG. 10a, as detailed above, the design of an electroplating
machine can be modified and applied meeting the objective of
the instant invention for the process of stripping layer 56 of
photoresist. The voltage that 1s to be applied to the layer of
metal, for instance the seed layer 54 of FIG. 1056, 1s applied to
the seed contact 58 of FIG. 1056. The layer 56 of photoresist 1s
then stripped.

Shown 1n FIG. 11 1s a top view of a mounting of one single
waler for purpose of applying a negative voltage to a layer of
metal prior to the process of Tor instance photoresist stripping.
The element 60 1s the water carrier with a wafer 40 being
contained therein. Water 40 has again a perimeter, high-
lighted as perimeter 65, over this perimeter 65 are provided
pins 63 for contacting the metal layer created over the surface
of water 40. Conductive interconnect 61 provides a voltage to
the contact pins 63, this voltage i1s supplied to conductive
interconnect by means of terminals 62.

To summarize, the invention provides for considering and
elfectively using:

1. The impact that chemical substances, having a pH value,
have on metal surfaces that are processed while coming 1n
contact with these chemical substances

2. Applying a voltage to metal surfaces during the time that
these metal surfaces come into contact with chemical sub-
stances

3. Assuring that metal surfaces that come into contact with
chemical substances are processed such that the corrosive
impact of these chemical substances on the exposed metal
surfaces 1s eliminated

4. Preventing that the alignment mark 1s atfected by a chemi-
cal substance, thereby assuring that the alignment mark
will remain effective as an alignment medium, and

5. Preventing the formation of by-products by a process of
corrosion of the exposed metal surface, eliminating the
creation of etch residue during the etch of for instance a
layer of seed metal.

Although the invention has been described and illustrated
with reference to specific 1llustrative embodiments thereof, it
1s not itended that the invention be limited to those illustra-
tive embodiments. Those skilled 1n the art will recognize that
variations and modifications can be made without departing,
from the spirit of the mvention. It 1s therefore mtended to
include within the mvention all such variations and modifi-
cations which fall within the scope of the appended claims
and equivalents thereof.
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What 1s claimed 1s:
1. A method of preventing damage to a layer of metal in a
semiconductor process, comprising:
providing a semiconductor substrate, with a layer of metal;
performing a semiconductor process on the semiconductor
substrate, wherein the semiconductor process brings a
surface of the layer of the metal in contact with a liquad

solution, which 1s neutral or alkaline, capable of causing,
corrosion or oxidation thereof; and

applying a negative voltage to the layer of metal, such that
the liquid solution 1s unable to corrode and oxidize the
layer of metal,

wherein the negative voltage applied to the layer of metal

depends onthe layer of metal and a pH value of the liquid
solution.

2. The method of claim 1, said layer of metal comprising
copper.

3. The method of claim 1, said negative voltage being of a
negative value in the range between about —1.2 and -1 .4 volts.

4. The method of claim 1, said liguid solution having a pH
value being between about 7 and 11.

5. The method of claim 4, said liquid solution comprising,
a photoresist stripper.

6. The method of claim 2, said negative voltage being of a
negative value in the range between about —1.2 and -1 .4 volts.

7. The method of claim 2, said liquid solution having a pH
value being between about 7 and 11.

8. The method of claim 7, said liquid solution comprising
a photoresist stripper.

9. A method of preventing corrosion and oxidation of a
surface of a layer of copper at a time that the layer of copper
comes 1n contact with a photoresist stripper, comprising:

providing a semiconductor surface, said semiconductor

surface having been provided with a layer of copper over
the surface thereotf; and

applying a negative voltage to the surface of said layer of

copper while bringing the surface of said layer of copper
in contact with a photoresist stripper which is neutral or
alkaline;

wherein the negative voltage applied to the layer of copper

depends on a pH value of the photoresist stripper.

10. The method of claim 9, said semiconductor surface
comprising a surface of a substrate.

11. The method of claim 9, said negative voltage being of
a negative value 1n the range between about -1.2 and -1.4
volts.

12. The method of claim 9, said photoresist stripper having
a pH value being between about 7 and 11.

13. A method of preventing damage or discoloration to a
surface of an alignment mark, comprising;:

providing a semiconductor surface, said semiconductor

surface having been provided with an alignment mark
over the surface thereoft, said semiconductor surface fur-
ther having been provided with a layer of metal over the
surface thereof;

coating a layer of photoresist over the surface of said layer

of metal;

patterning said layer of photoresist, selectively converting

said photoresist to a removable substance when brought
into contact with a photoresist stripper which 1s neutral
or alkaline; and

applying a negative voltage to the surface of said layer of

metal while developing said layer of photoresist by
removing said selectively converted photoresist by
bringing said patterned layer of photoresist 1n contact
with said photoresist stripper;
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wherein the negative voltage applied to the layer of metal 17. The method of claim 13, said photoresist stripper hav-
depends on the layer of metal and a pH value of the ing a pH value being between about 7 and 11.
photoresist strippet. 18. The method of claim 15, said semiconductor surface
14. The method of claim 13, said semiconductor surface comprising the surface of a substrate.

5 19. The method of claim 15, said negative voltage being of
a negative value 1n the range between about -1.2 and -1.4
volts.

_ _ _ _ 20. The method of claim 13, said pH value being between
16. The method of claim 13, said negative voltage beingot . 1,ut 7 and 11.

a negative value in the range between about —-1.2 and -1.4
volts. * % % ok ok

comprising a surtace of a substrate.

15. The method of claim 13, said layer of metal comprising
copper.
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